The seasonal and monthly variability of pedometer-determined physical activity and its effects on accurate measurement have not been examined. The purpose of the study was to reduce measurement error in step-count data by controlling a) the length of the measurement period and b) the season or month of the year in which sampling was conducted. Methods: Twenty-three middle-aged adults were instructed to wear a Yamax SW-200 pedometer over 365 consecutive days. The step-count measurement periods of various lengths (eg, 2, 3, 4, 5, 6, 7 days, etc.) were randomly selected 10 times for each season and month. To determine accurate estimates of yearly step-count measurement, mean absolute percentage error (MAPE) and bias were calculated. The year-round average was considered as a criterion measure. A smaller MAPE and bias represent a better estimate. Results: Differences in MAPE and bias among seasons were trivial; however, they varied among different months. The months in which seasonal changes occur presented the highest MAPE and bias. Conclusions: Targeting the data collection during certain months (eg, May) may reduce pedometer measurement error and provide more accurate estimates of year-round averages.
Physical activity plays an important role in health, and it is important to measure this variable accurately. Traditionally, physical activity has been measured using questionnaires that ask respondents to report the type of physical activities they engage in, along with frequency, intensity, and time spent performing those activities. 1 However, the subjective nature of physical activity recall and reporting has some limitations due to problems with memory and cognition. [2] [3] [4] For this reason, researchers have sought other methods of measuring physical activity that do not rely on a person's ability to accurately remember and represent what they have done.
Increasingly, objective physical activity monitoring devices (eg, pedometers and accelerometers) are used to obtain measurements of individuals' habitual physical activity 5 for surveillance, screening, research, and evaluation purposes. Due to high intraindividual variability, 6 multiple days of physical activity monitoring are needed to accurately and reliably measure an individual's physical activity behaviors. 7 Many investigators consider 2 to 14 days to be necessary for stable measurement (reliability) of physical activity data, [7] [8] [9] [10] [11] [12] but accuracy (validity) is a distinctly different measurement aspect of the "how many days?" research question and relatively few studies have adequately examined it. 11 Kang et al 11 randomly selected number of brief-time measurement periods (eg, from 2 days to 30 days) within a year and compared individual's step-count averages over selected measurement periods with the year-round average. The main strength of the study was using the year-round average as the criterion measure of habitual physical activity. The results showed that a measurement period of 30 days was necessary to achieve an accurate estimate of step counts for a year within 10% error. However, considering the fact that season and months of the year can influence the level of physical activity, [13] [14] [15] [16] additional investigation is necessary to determine whether a brief time measurement period in different seasons or months would adequately represent year-round, habitual physical activity.
Therefore, the purpose of the study was to reanalyze the original year-long database to attempt to reduce measurement error in objectively measured physical activity (ie, pedometer-determined steps per day) by controlling a) the length of the measurement period and b) the season or month of the year in which sampling was conducted. Similar to the previous analyses, 11 the criterion measure for habitual physical activity used herein was the year-round mean of the daily step counts. It was hypothesized that sampling participants during certain seasons of the year, or alternatively, certain months of the year, would affect the accuracy of the step-count measurements relative to the year-round average.
Methods

Study Data
We used data collected in previous studies of the reliability and validity of daily step counts in 23 (7 men, 16 women; age = 38 ± 9.9 years) individuals residing in South Carolina and Tennessee, over a 1-year period. 11, 14 The step-count data were collected over 365 consecutive days using Yamax SW-200 pedometers (Yamax Corporation, Tokyo, Japan). The total missing values were 2% of the entire data set, and an individual information-centered approach (ie, replacing missing values with the average of the same individual) was used to replace missing values. 11, 17 All study participants signed a written, informed consent form approved by the Institutional Review Boards of University of Tennessee and University of South Carolina.
Study Design and Data Analysis
To address the issue of accuracy, the mean absolute percentage error (MAPE) and bias were calculated between the daily step-count average over selected measurement periods (described in detail below) and the entire year. The yearround average was used as the criterion measure of habitual physical activity. For the calculation of MAPE, the absolute percentage error was computed for each person as the absolute difference between an individual's step-count average over the selected measurement period (eg, 2 days) and their year-round average, which were subsequently divided by the year-round average and multiplied by 100. All participants' absolute percentage errors were then averaged, producing the MAPE for the specific sampling frame. The formula for MAPE is as follows: 
where MP refers to measurement period, and step count averages are expressed as "steps per day." A smaller MAPE represents a better estimate of yearly physical activity. Bias was also computed to determine the direction (ie, under-or over-estimation) and degree of daily step-count average over selected measurement periods compared with the year-round average. The formula for bias is as follows: 
A negative bias indicates that the measurement period average is below the 365 days average (under-estimation) and a positive bias indicates that the measurement period average is above the year-round average (over-estimation). The data set was separated by seasons and months accordingly, and followed by selection of the step-count measurement periods of various lengths (eg, 2, 3, 4, 5, 6, 7 days, etc.). The initial day of a measurement period was randomly chosen and subsequent consecutive days completed the selection. For season, the data set was separated by the 4 seasons, and the selection process for measurement periods represented each of these equally. . 18 These dates reflected the summer and winter solstices, and the vernal and autumnal equinoxes. A total of 10 samples from each of the following measurement periods: 2, 3, 4, 5, 6, 7, and 14 days were selected for each season to reduce uncertainty and provide more precise results. A similar approach was done with a division by months. A total of 10 samples were selected from each month for each of the following measurement periods: 2, 3, 4, 5, 6, 7, 8, 9, and 10 days. The MAPE and bias using all days for each season and month were also calculated. Figure 1 illustrates the division by seasons and the selection procedures for the samplings for each measurement period.
Results
Seasons
Step-count mean, standard deviation, MAPE, and bias by season can be seen in Table 1 . When the average of all days in the season was evaluated against the year-round average, the MAPE and bias results were similar across seasons. The MAPE results for measurement periods of different lengths by seasons are presented in Table 2 . The MAPE values decreased as the length of the measurement periods increased. Spring and fall had the majority of the lower MAPE values. The difference among seasons, however, was not substantial. Except for the 2-day measurement period, there was at most a 3 percentage point difference in MAPE values among seasons for the same measurement periods. The bias results for selections by season are presented in Table 3 . There were no observable trends as to the degree of bias with an increase in the number of days for the measurement period. Bias for measurement periods in the spring and summer were positive (ie, over-estimation) but were mostly negative (ie, under-estimation) for fall and winter.
Months
Step-count mean, standard deviation, MAPE, and bias by month can be seen in Table 1 . When the averages of all days in the month were used for analysis, the months in which seasonal changes occur presented the highest MAPE values. Negative bias was observed for the months of January, February, March, November, and December, the other months showed positive bias. The MAPE results for measurement periods of different lengths during the months are presented in Table 4 . May had the lowest MAPE value for 8 of the 9 measurement periods; a sampling period of 7 days in May was necessary to achieve a MAPE ≤ 10%. The months in which seasonal changes occur presented the highest MAPE values. Specifically, March, June, September, and December showed MAPE values for 7 days that were up to 9.7 percentage points higher than May. The bias results for measurement periods by month are presented in Table 5 . No observable trends to the degree of bias were noted with an increase in the number of days for measurement periods. The months from April to October had mostly positive bias with all the other months displaying negative bias. July had the lowest degree of bias and December had the highest degree of bias.
Discussion
The purpose of this study was to attempt to reduce measurement error in yearly step-count data by controlling (a) the length of the measurement period and (b) the season or month of the year in which sampling was conducted. It was hypothesized that sampling participants during certain seasons of the year, and certain months of the year, would result in less pedometer measurement error than sampling at other times of the year. The analysis by season demonstrated that targeting the data collection during a specific season did not provide a lower MAPE or a more accurate estimate of the year-round physical activity. In contrast, the analysis by month not only showed that measuring step counts during certain months (eg, May) was more accurate, but it also provided some insight as to why there was no substantial difference among seasons. It became clear that the months in which seasonal changes occur have higher MAPE values than the months that represent only 1 season. March, June, September, and December, which are the months in which seasonal changes occur, showed MAPE values that were much higher than the months without seasonal changes. Another interesting aspect to note was that increasing the number of measurement days from 7 to 10 did not markedly decrease the MAPE values. Based on the results from this analysis, a measurement period of 7 days during the months that include no seasonal change may provide a better estimate of yearly step-count average compared with the months with seasonal changes. In addition, May is the optimal month for measuring individuals' habitual physical activity level because of the lowest MAPE values (approximately 10% error).
The bias results were similar to the MAPE results for the seasons in the sense that no large differences were found among seasons. Conclusions derived from interpreting the bias results by months were also similar to the MAPE results: with the exception of March, the other 3 months in which seasonal changes occur also had the largest bias. In addition, data collection during November, December, January, and February provide overall averages that are lower than the year-round average (negative bias), while targeting data collection during June, August, and September provide overall averages that are higher than the year-round average (positive bias).
The reason as to why the spring and fall months have the lowest MAPE and bias values is not clear; however, the most plausible mechanism for the findings is that during those months we have the best combination of a) intermediate daylight hours and outdoor temperatures, and b) lower intraindividual variability in daily step counts. On the other hand, the large MAPE and bias values found in the months that include seasonal changes could be due to a) large day-to-day fluctuations in the weather and b) changing physical activity behavior by taking vacations during that time. In addition, the negative bias associated with collecting data in November through February may be attributable to shorter daylight hours and colder temperatures, and the positive bias associated with collecting data in June, August, and September is likely the result of longer daylight hours and warmer temperatures. In the International Prevalence Study of physical activity in 20 countries globally, data collection was limited to the months associated with spring and fall seasons within each country to avoid the impact of adverse summer and winter climates on physical activity behaviors. 19 In the study by Kang et al, 11 the MAPE for consecutive days ranged from 20.47% for 2 days to 9.57% for 30 days, with the MAPE less than 10% at 30 days. The MAPE for 7 days was 14.38% which is similar to the average found for the seasons in the current study, which was 13.75%. The 7-day MAPE values from each season were not different from each other (see Table 2 ). When compared by months, the months that include seasonal changes (March, June, September, and December) showed higher 7-day MAPE values than other months (see Table 4 ). Kang et al 11 also investigated the MAPE of a selection of random days and obtained better results, however, this approach is not practical for researchers and practitioners due to the need to contact participants on multiple occasions. Therefore, the current analysis did not apply this approach of random selection of days to reduce measurement error in pedometer-determined step-count data.
It is important to note that MAPE does not take into consideration whether the error is an under-or overestimation. MAPE only provides the average expected error for each individual, while bias takes into consideration whether the error is an under-or over-estimation and gives the expected error for the whole group. For example, assume that a sample of 2 participants both have a year-round average of 10,000 steps per day each. During their selected measurement period the average step counts for participant 1 is 8000 steps per day and for participant 2 the average is 12,000 steps per day. The MAPE will be 20% and bias will be 0%. In this case, the MAPE allows us to see that there are clear interindividual differences, despite the fact that the average for the 2 participants during the selected period is the same as the year-round average. Thus, the information from both statistics is important, when one is concerned with individual pedometer errors. This study is not free of limitations. The study was conducted on a small sample of participants, living in Tennessee and South Carolina and those individuals had similar work schedules because almost all of them were affiliated with universities. It is also important to note that countries in the southern hemisphere have opposite seasons to those in the northern hemisphere, and even within the United States, seasonality differs vastly between the East and West coasts, and from north to south, the month results should be taken into consideration with those differences in mind. Although the limitations of small sample size, narrow geographic location, and university population compromise the ability to generalize the results, we still believe that there is important information to be learned this small, exploratory study to investigate pedometer errors resulting from using a brief-time measurement period (eg, a day, a week, or a month) to represent habitual, year-round physical activity.
The pedometer was not designed to detect the frequency or intensity of activity, which is a limitation; however, it falls well within the intended public health application of measuring free-living physical activity behavior. The studies show that the use of steps per day as an outcome measure helps quantify physical activity level in large samples and provides a direct comparison between population groups. 20, 21 Another limitation is that physical activity can be influenced by hours of daylight, ambient temperature, rainfall, snowfall, seasonal variation in clothing, gender and individuals' personal schedules, 11, 12 but these factors were not examined in this study. Future research should explore the influence of those variables and should be conducted in other regions of the world using more heterogeneous groups.
The practical implications of this research are that, for researchers seeking to measure habitual physical activity of an individual, it is possible to reduce the measurement error (compared with the year-round average) by using a measurement period of 7 consecutive days during the months in which no seasonal changes occur. This will yield a better estimate of the year-round average for each individual. Physical activity on an individual basis is a necessary requirement for many clinical applications, for example. Alternatively, if a researcher is interested in measuring the level of physical activity in the overall population (eg, the United States) other sampling strategies could be used. For instance, it is possible to measure a physical activity level on a single day from a large number of individuals and use these to obtain an estimate representing the whole population. 22 This type of sampling strategy has been used for surveillance of physical activity, and it could be useful for comparing various populations by geographical region or age/ethnic subgroup. However, this approach would not lend itself to closely examining relationships between physical activity and health outcomes.
The results of this study add to the literature by demonstrating that sampling during certain months can affect the accuracy of the step-count measurement, when the estimation of year-round physical activity is the goal. It should also serve to inform researchers that previous recommendations 7, 9, 23 concerning the minimal number of measurement days were based solely on reliability estimates, and might not yield accurate (ie, valid) estimates of habitual physical activity.
